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The pjfesent invention relates to a novel method of 
quantitatively determining polymerase activity. 

Intracellular parasites, auch as viruses r use the syn- 
5 tHetic machinery of- the cell for producing,, based upon their 
own genetic information/ specific parasitic elements instead 
of cell material- Jtoong the elements encoded by the genome of 
the parasite are usually certain enzymes necessaxy for their 
replication/ euch as RJSA or 1>NA polymerase or reverse tran- 

10 scriptase (also called RNA-dependent dna polymerase), or 
essential for ensuring precursors for the production of 
genetic material, such as kinases, ribonucleotide reductase 
and deoxyribonuclease. 

The iramunological specificity of virally encoded enzymes 

15 as well as their relation to virus replication activity has 
made it interesting to design procedurea for measuring such 
activities in clinical samples. This is especially true for 
the above mentioned polymerases. Thus, DNA polymerase acti- 
vity may be detected in serum in coxmection with certain 

20 malign and viral diseases* The activity of reverse transcrip- 
tase has proved to be specifically characteristic for certain 
viruses involved in various neoplastic conditions, e.g., 
certain human leukemias, as well as for certain viral disea- 
ses, including the immunodeficiency disease AIDS and its 

25 preliminary stages caused by the human immunodeficiency virus 

HIV, 

The determination of polymerase activity may thus be of 
value as a diagnostic method for detecting the presence of 
such diseases^ monitoring the effect of the treatment of 

30 affected patients or monitoring patients^ after the treatment 
in respect of recurrences, such that the treatment may be 
started early before any clinical symptoms appear. 

Generally, activity of DNA and R»A polymerases and 
reverse transcriptase may be determined by adding a suitably 

35 processed sample to a reaction solution in which the .poly- 
merase in question may exert its action and to this end 
contains a tCTplate of DNA- or KMA-type dissolved in the 
reaction solution, and a substrate in the form of a radio- 
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labeled aucleoside triphosphate which is incorporated into 
the template by the acstivity of the polymerase, whereupon the 
radioactivity incorporated is measured. For ONA polymerase a 
double-stranded DKA material comprising single strand regions 
5 (i,e4 provided witH so-called nicks) may be used as temp- 
late, while reveree trans criptase will ac?t upon a single 
nucleotide chain of B^-tYP^i which on a part thereof must be 
hybridized with a so-called primer in the form a deoxyribonu- 
cleotide oligomer or a t-RKA, which is required to initiate 
10 the polymerization reaction catalyzed by the polymerase. As 
radioactive isotopes for labeling the substrates or ^^P 
have usually been used. 

More specifically r US-A-3,7S5,086 discloses a method of 
detecting activity of reverse transcriptase in purified cell 
15 extract or pla^na samples from mammals or birds , the template 
used being a polymer of RNA-type hybridized with a synthetic 
thymidine polynucleotide oligomer of 2-24 nucleotide units as 
a primer. In this method the purified sau^ple is added to a 
• reaction solution containing the template and ^H-labeled 
20 nucleoside triphosphate. After incubation the reaction is 
stopped and the template is precipitated by adding trichloro- 
acetic acid (TPCAJ and taken up on a filter ♦ The dried filter 
is then placed in a scintillation fluid, and the radioacti- 
vity incorporated into the template^ which activity is a 
25 mea&ure of the polymerase activity / is measured by liquid 
scintillation technique - 

Similar methods specifically directed to HlV-determina- 
txon via reverse transcriptase have been described i ^tey 
alia by A* Hoffman et al./ Virology lAl/ 326-335 (1985) 
30 and M. H. Iiee et al., J. Clin. Microbiol.; sept» 1987, pp. 
1717-1721* 

These conventional methods for the determination of 
reverse transcriptase activity^ however^ suffer from several 
disadvantages. Thus, the analysis can not be performed di- 
35 reetly on clinical specimens due to the presence of distur- 
bing factors, such as RNAees, phosphatases and competitive 
nucleotides. Aisb^ the TCA-precipitation on a filter con- 
siderably restricts the sample volume that can be used, and 



PAGE 24/7S'RCVDAT1/17/2007 5:38:57 PM [Eastern Standard 



vyo wwoeJ AN. 17,.200?. 2:39PM FOLEY 8587926773 NO. 6636 P. 25 Paasagfw 

WO90/0fi373 PCr/SE89/00696 

• thereby the sensitivity, the background in the scintillation 
determination of the radioactivity depending on the filter 
size. A further disadvantage is the use of as radioactive 
isotope, since, on one hand, it gives a low specific activity 
5 due to the relatively loig half-life and can therefore not be 
need for low substrate concentrations, and, on the other 
hand, due to its type of radiation it gives problems with 
absorption of the radiation in the sample, so-called quen- 
ching. It additionally requires the use of a scintillation 
10 fluid for the activity determination, the possible clinical 
utility thereby being restricted. The above mentioned isotope 
32p which has also been used in similar contexts certainly 
has a high specific activity permitting it to be used at low 
substrate concentrations, but its short half- life (1* d^y^) 
IS viakes it unsuitable for practical use. The isotope 3Ss which 
has also been used for these purposes will, due to its weak 
^-radiation, give considerable quenching problems. 

Synthetic polynucleotides immobilized on a earner, 
e.g. agarose, have previously been used for affinity purifi- 
20 cation of polymerases. Moreover, carrier-bound templates have 
been used for producing specific aingle-strended DNA probes 
(P. L. Ashley et al.. Anal. Biochem, MO, 95-103 (1984)). 
Further B. I. Milavetz et al.r Mol. Pharmacol,, 12, 496-503 
(1977), disclose the use of poly (A) -agarose as an ijnmobilized 
25 template for identifying binding reactions taking place in 
the polymerization of DHA an* iavestigating the inhibiting 
effect of various drugs (ansaraycines) on dna synthesis. For 
. studying the drug inhibition, for example, the drugs dis- 
solved in a buffer were passed through a column containing 
30 the polymerase hound to poly(A)-agarose h^ridized with 
oligo(dT)i2_i8 as primer and which had boeii. produced by 
adsorbing the polymerase to the poly(A)-agarose and subse- 
quently adding the primer. The polymerase activity of the 
column material was then determined by incubation in a reac- 
35 tion solution with ^H-deoxythymidine triphosphate (^E-dHTP). 
After hydrolysis with HaOH and precipitation of the temp- 
late/primer material with TCA. the radioactivity incorporated 
into the template was determined. Although the actual poly- 
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■ merization reactixjn was performed on the iitottobilized temp- 
late, the subsequent radioactivity measurement thus required 
release of the template from the carrier aud precipitation 
with TCA as in the above described determination method for 
5 polymerase activity. 

Similar methods as described above for determining 
reverse transcriptase have been used for measuring DNA poly- 
merase , i.e. by following the incorporation of a radioactive 
nucleotide into a free DNA template in solution by measure- 
IQ m&nt after precipitation on a filter paper by TCA or etha- 
nol, As template has usually been used nuclease treated^ so- 
called activated, DNA and' as radioactive isotope/ or 32p^ 
The above discussed disadvantages of the hitherto used deter- 
mination methods for reverse transcriptase therefore also 
15 concern the determination of polymerase. 

One purpose of the present invention is to provide an 
improved method of quantitatively determining polymerase 
activity, which method will eliminate inost or all of the 
disadvantages of the prior art methods. Another purpose of 
20 the invention is to provide a Itit for determining polymerase 
activity, ^ese- objects are achieved by a method and a kit/ 
respectively, which have the features stated in the claims 
and which will be described in more detail hereinafter* 

OJhus^ the invention in a first aspect thereof relates to 
25 a method of qnantifcatively determining polymer^ise activity in 
a sample by incubating the sample with a natural or comple- 
tely or partially synthetic polynucleotide template and 
necessary substrates, including at least one radiolabeled 
nucleoside triphosphate complementary to the template, sepa- 
30 rating the template from the substrate and measuring the 
radioactivity incorporated into the template, which radio- 
activity is substantially proportional to the polymerase 
activity of the sample, said method being characterized in 
that the template is immobilised on a carrier and that the 
35 radiolabeled nucleoside triphosphate is labeled with a gamma- 
radiating isotope, and that the measurement of the incor- 
porated radioactivity is performed directly on the immobili- 
zed tCTrplate without release thereof from the carrier. 
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By using, in accordance with the invention, an immobi- 
Uzed template and measuring the radioaotivxty taken up 
directly on the immobilized template without any preceding 
release thereof several advantages are achieved. Thus, tdie 

5 previous sample volume limiting, and thereby sensitivity 
reducing, TCA precipitation on a filter is eliminated such 
that larger sample volumes may be used with a consequential 
increase of the sensitivity. By virtue of perfoxming the 
measurement directly on the inmobilized template also the 

10 technical analytical procedure will be simplified conside- 
rably. Further, the use of a gamma-radiating isotope will 
eliminate the previous problem of quenching and the need of a 
scintillation fluid. ■ 

According to a preferred embodiment of the invention the 

15 template is first incubated writh the sample or specimen for 
incorporation of the polymerase present in the specimen into 
the template; tie template with the affinity bound polymerase 
is then after washing contacted' with the reagent solution 
containing the radiolrfjeled substrate- and, when necessary, a 

20 prianer, such as when the polymerase to be determined is 
reverse transcriptase. The primer may in that case be present 
on the tejnplate from the start or be added during the deter- 
mination procedure. 

By thus incubating the template with the specimen prior 

25 to the actual polymerase determination it has surprisingly 
been found that a polymerase determination may be performed 
directly on clinical specimens, such as sera and lymphocyte 
extracts taken directly from the patient. The disturbing 
factors, such as BHAses (in high concentration in cell ex- 
, 30 tracts and also in cell supernatants) and competitive nttcleo- 

tidea, which occur in clinical specimens, thus appear to have 
* a low affinity to the template. 

AS will be discussed in more detail further on the 
template may optionally be protected during the affinity 

35 binding of the polymerase, i.e. the -fish step', and/or the 
subsequent enayme activity determination with suitable 
agents . 

Both "semi-solid* materials, such as gels, and solid 
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bodies may be used as carriers for immobilizing the template. 
Methods for coupling polynucleotides to various carriers are 
known and will not be described in any detail herein* JVs 
example© of gels may be mentioned agarose gels and SepharoseB' 

5 (a bead-shaped agarose gel marketed by Pharmacia AB, Sweden)* 
Commercially available iimnobllized templates that may be used 
for the purposes of the invention are, e,g.r poly (A) -agarose 
. (poXy(A) covalently bound to CNBr-adtivated agarose; P-L 
Biochemicals, USA) ^ poly(A)-Sepharos^ (Pharmacia KB, Swe- 

10 den). Exemplary of solid carriers are, e.g., balls, spheres 
or beads (also micro- ar macrospheres) of plastic, e.g./ 
polystyrene or polycarbonate spheres. A solid carrier sui- 
table due to the simplified separation offered thereby is 
magnetic spheres or beads, e,g, , tosylated magnetic Dynabeads 

15 (Dynal as, 0slO|. Norway). 

The carrier-immobilized template to be used in each 
particular case will,, of course, primarily depend on the 
polymerase to be determined. For determining reverse tran- 
scriptase the template should thus be a polynucleotide chain 

20. of RNA-type, in which case it may b© a homopolymer, such as 
poly(r&), poly(rU), poly(rG}/ poly(rC) and poly(ri), or a 
synthetic, semi-synthetic or natural copolymer built up from 
combinations thereof. While, in the case of a homopolymer 
only the corresponding complCTientary nucleoside triphoshpate 

2S or analogue is required as substrate, a copolymer will, of 
- course, require the use of complementary substrates to all 
the nucleotides; in the latter case only one of the sub- 
strates need/ however, be labeled. 

As previously mentioned a primer will be required to 

30 initiate the polymer iz at ion reaction in an assay for reverse 
transcriptase. In the present context prijner means a nucleo- 
tide chain which may hybridize with the template, such as an • 
oligomicleotide* For example, oligo(dT) will function as a 
primer for for poly(rA) , and oligo(dG) for polytrC). Depen- 

35 ding upon the origin thereof different reverse transcriptases 
may exhibit different preferences for different template/pri- 
mer combinations J 

Since DNA polymerases act naturally upon templates in 
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the form of double stranded DNA chains provided with so- 
called nicks, i.e. holes in one of the strands, the template 
supported by the carrier may in this case consist of a natu- 
ral, e«ni-synthetic or synthetic donble nucleotide chain of 
5 DNA-type provided with single strand regiane- Also in this 
case the nucleotide chains nay be homo- or copolymers. Alter- 
natively, a single nucleotide chain having at least one 
double stranded region composed of long strand DNA and a 
short strand of either. RNA or DKA may function as a template. 

10 Ae linra<*iliaed template materials for RH& polymerases a 

doiible stranded natural or synthetic or semi-synthetic DNA 
chain may be used. In this case no single strand regions are 
required, but a primer may sometimeB be necessary depending 
on the particular RNA polymerase. For RNA-dependent RHA poly- 

15 marasee immobilized RNA, "primed" in suitable manner will, of 
couree, be required. 

Since RMAses (e.g. in lymphocytes) will cleave phospho- 
ester bonds, the template haa suitably been chemically modi- 
fied to cojtvpletely or partially prevent cleavage. This may, 

20 e.g., be achieved by 2 ' -0-methylation (poly (Cm) etc.)/ P- 
methylation or pwsulphonatlcax. Such modification of poly- 
nucleotides is per se previously known, see e.g. Murray and 
Atkinson, Biochem. 2(11). 4023-4029 (1968), the disclosure of 
which is incorporated herein by reference. 

25 "Phe substrate to be used for the polymerase catalyzed 

polymerization reaction will depend on the template used and 
should thus comprise nucleoside triphosphates or analogues 
con^jlenentary to all the nucleotides present in the template. 
As mentioned above, in accordance with the invention, at 

30 least one nucleoside triphosphate is labeled with a gamma- 
radiating radioactive isotope. 

The gonnna-radiating isotope is preferably one having a 
half -life in the range of about 20 days to 1 year. Particu- 
larly suitable for the purposes- of the invention are iodine 

35 isotopes, preferably l^Sj^ having a half -life of 60 days and 
a specific activity exceeding 2000 Ci/iriMt»le. 

Due to the use of a gamma-radiating isotope quenching 
problems and the -need of a scintillation fluid are elimi- 
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* natedr and meastirement directly on the innnobilized template 
in accordance with the inventive method is rendered poeeible. 

A particularly suitable radiolabeled fioibstrate for the 
purposes of tha invention is 125i_5-iodine-2"-deoxyuridlne 
5 triphosphate/ hereinafter referred to as 125i.njdRTP. In 
addition to ^^Sj having an appropriate half --life for the pur- 
poses, being practical to handle and siinple to measure due to 
its gamroa-radiation^ l0dRTP has great similarities with the 
natural substrate TTP (deoxythymidine triphosphate), the 

10 difference between the substrates being that lUdRTP has an 
iodine , atom in the five-position on the nucleotide base, 
while TTP has a methyl group (whoee van der Waal radius only 
is a little smaller) • 

125j_iudRTP may, for example/ be prepared by treating 

15 ^25i.iadine-deoxyuridine (lUdR) with Herpes simplex enzymes 
and subsequent chromatographic separation of the products 
obtained, viz . ^^^l-iodine-deoxyuridine-monophOBphate 
(lUdKMP) and ^^^Sj^xudRlEP. ^^Si^ixjdRTP as well as substrate 
analogues thereof will be described in more detail further 

20 on, 

?or measurements directly on serum specimens and the 
lite containing substrate degrading enzymes , the substrate 
may he protected by the addition of one or more trinucleo- 
tides which do not take part in the polymerization reaction 

25 but will engage the degrading enzyme in question* For Al>tey 
alia the above mentioned substrate ^^^l^rodKTB, cytldine 
triphosphate (CTP) has been found to be an excellent protec- 
tive factor • Other protective factors that may be contempla- 
ted are/ e.g., JJT9, lUTP, S-MeUTP* 

30 The modified variation of the inventive method including 

an initial "fish-step" may be used directly on clinical 
specimens/ various isolation materials, lymphocytes/ super- 
natantfi/ etc., in contrast to the prior art methods, which 
for virus polymerases have been limited to pelleted viral 

35 materials or purified samples. For example, an assay may be 
performed directly on lymphocyte retracts without a preceding 
culture or purification thereof - 

& presently interesting application of the invention as 
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far as activity determinHtion for reverse transcriptase is. 
concerned, is the determination of replication activity of 
HIV, the virus which eventually causes AIDS. The amount of 
reverse transcriptase from HIV in a patient specimen is a 
5 measure of this activity, a»d an accurate determination 
thereof is of great value for an anarlyeia of the relationship 
of the activity With the development of the disease and a 
follow-up of the result of therapy, in this conteact the 
possibility of being able to determine the individual 

10 patient's enzj^e srasitivity to various nucleotide analogues 
used as therapeutical b appears to be extremely interesting. 

Concerning Hiv the invention may advantageously also be 
used when measuring antibodies that block HlV reverse tran- 
scriptase activity; it has been found that the level of 

IS antibodies against reverse transcriptase in s«ra is related 
to the. stage of th» disease (see e.g. R. schatterjee et al., 
J. Clin, immun.. Vol. l, No. 3, 1987), and a measurement of 
the antibody level is therefore interesting from a prognostic 
point of view. Such an antibody measurement, which previously 

20 required purification of IgG-fractions from the eerum, may 
with the inventive method be performed directly on the clini- 
cal serum specimen. Thus, a defined quantity of hiv reverse 
transcriptase is incubated with different serum dilutions, 
the residual amount of non-blocked enayme then being deter- 

25 mined by the method o£ the invention. 

Baaential for the poBslbility of a direct assay with the 
inventive method is, firstly, the increased sensitivity which 
permits the meaanrement of low enzyme amounts, causing high 
antiljody tittes to be obtained, and, secondly, that, as 

30 mentioned above, non-ensyme disturbing nucleotide<B) , such as 
cytidine triphosphate (CTO), may be added to engage substrate 
degrading enBjines in sera. The latter will permit long dura- 
tion assays with serum present. These criteria for increased 
sensitivity in measurements of HIV reverse transcriptase are 

35 also essential for direct dha polymerase measurements in sera 
from healthy individuals and from those suffering from va- 
rious kinds of diseases. 

Due to the improved sensitivity of the method of the 
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invention in comparifion with the prior art determination 
methods the invention will also be applicable to polymerase 
detexminatione which have hitherto not been possible. 

For ejcemple, in W» Sibroweki et al.r Gaatroentero- 
5 logie 1987^ 25, 675-676, there ia suggested the possibility 
■ of detecting hepatite by determining the activity of the 

reverse tra-flscriptase of the causal retrovirus. 

Furthermore, for example, reference levels of DUA poly- 
merase may be measured directly in sera from healthy indivi- 
10 duals, which in combination with enhanced levels in various 
diseases will provide a new clinical parameter for the ji^dge- 
ment of diseases. 

The polymerase determination method according to the 
invention is, of course, not limited to specimens from human 
15 beings, but it may just as well be applied to animal speci- 
mens, e.g. for determining leultoviral activity. 

Ifhe application of the method of the invention to quan- 
titative determination of HIV reverse transcriptase may, for 
escample, be performed in the following way: 
20 an immobilized template functional for viral reverse 

transoriptase (e.g, poly (rA) -polystyrene beads) is preincuba- 
ted directly with a crude specimen (e,g* a supernatant, cell 
extract, serum). After careful washing (e.g. distilled water) 
a suitable reaction mixture is added, comprising a primer 
25 (e.g. oligo(dT)io-18> r a labeled substrate (e.g, "Sj^rodRTO) 
and othar necessary caraponents (including Mg^''")* After in- 
cubation and wash (distilled water) the radioactivity incor- 
porated into the template is measured by a gamma-counter. The 
measurement • value obtained is directly related to the acti- 
ZO vity of reverse transcriptase in the specimen. 

While carrying out the inventive method with a gel form 
or particulate template in conventional test tubes will offer 
considerable advantages in comparison with current methods, 
the technical procedure may be further simplified, for 
35 example, by binding the template to a single handable macro- 
sphere or ball or by carrying out the assay in a minicolumn 
system. 

As mentioned above preiCerred radiolabeled substrates for 
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the purpoBes of the inventioji are constituted by 125i_iudRTP 
and substrate analogues thereof. By substrate analogues of 
125i_IDdRTP are meant 125i„iabeled modified nucleoBide tri- 
phosphates having substantially the same subntrate fuiiction 
5 as 125i_iudR!|!!E'. l^Sj^iudRTO has the following structural 
formula 




OH OH OH „ 

t t , y 

HO-P-O-P-O-P-O- 

rt ■ ■ n 

000 

y a a 



X8 exajnples of contemplated substrate analogues may thus 
be mentioned those where one or more of the hydrogens in the 
positions 3> 6, 2', 3', 4- and 5- are replaced by fluorine 

10 and/or one or more of the" hydrogens in 4'- and 5 '-position 
are replaced by CB^, CH2P/ CBFZ' ^3' ^"^^^ " bromine 
and/or one or more of the oxygen atoms present in the mole- 
cule are replaced by sulphur atoms, particularly the oxygen 
atoms of the a-phosphate group. Alternatively, or in combina- 

15 tion with the above mentioned modifications/ 12Si_atoms may 
be in the 4'- or 5 '-position, the 5 '-position optionally 
being Bnbatituted with CH3, CHF2/ CP3, iodine or bromine. 

The use of 125i_iodRTP and its substrate analogues also 
offer a considerable improvement in determination methods 

20 based upon free template in solution. The use of l25i_njdR<EP 
and its substrate analogues for determining polymerase acti- 
vity in general is the object of our copending PCT-applioa- 
tion entitled -Substrate for polynerase activity determina- 
tion"; the discloflure of which is incorporated by reference 

2S herein. 

The present invention also provides, in a second aspect 
thereof, a Icit for determining polymerase activity. Suoh a 
Iclt eomprisea a carrier-bound ten^late, and at least one 
gamma-radiating radiolabeled nucleoside triphosphate comple- 
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■ mentary to the templatcr preferably 125i.iuc».TP or a «ub- 
Btrate analogue thereof • in case a priiaer is required^ such 
. may be included as a separate item in the kit^ or the temp- 
late may be provided in a primed form* A kit for the deter- 
5 mination of antibodies against HIV-RT as outlined above will 
additionally coioprise a given <iuantity of HIV-RT^ preferably 
lyophilized. The above kits suitably also comprise positive 
and/or negative control© and wash fluid. 

Hereinafter the invention will be described in more 
10 detail with respect to the preferred substrare 125i_iudR!DP, 
the preparation of some immobilized t^tplatee^ studies of 
parameters in specific embodiiflente of the inventive method as 
veil as some special working ^camples. 

The following abbreviations and tradenames are used: 
15 lUdRTP - s-iodine-Z ' -deoacyuridine triphosphate 

5-iodine-2 ' -deoscyuridine monophosphate 
5-iodine-2 * -deoxyuridine 
poly(rA) = polyadenylic acid 
pQly(r6) - polyguanylic acid 
adenosine triphosphate 
dithioerythritol 
diethylaminoethyl-cellulose 
reverse transcriptase 

ethylene glycol bie-(P-aminoethylether)- 
25 N^N*-tetraacetic acid 

Nonidet P40 

N-2-hydroxyethylpipera2ine--w • -2- 
ethanesulphonic acid 
oligodeo:2Eyth2^ic3ylic acid 
thymidine triphosphate 
cytidine triphosphate 
trichloroacetic acid 
bovine serum albumin 
avian myeloic leukemia 
35 HIV human immunodeficiency virus 

peripheral blood lymphocytes 
a trademark for an agarose gel marketed 
by Pharmacia AB/ Sweden 



20 



SO 



lUdRTP 

lUdRFM 
lUdR 

prA 
prG 
ATP 

DTE 

DEA£-cellulose 

RT 

£6TA 

NP 40 
HEPES 

OdT 
TTP 
CTP 
TCA 
BSA 
AMV 
HIV 
PBL 

Sepharosdi' 
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Picoll® = a tradenarl^ for a copolymer of sucrose ■ 

and epichlorohydrin marketed by 
Pharmacia ab^ Sweden 
Triton X-lDO - polyethyleneglycol-p-isooctylpheny letter 
5 ij-LC ~ thin layer ohrcinatography 

Reference will be made to the acconipanying drawings 
wherein: 

Fig. lA illnetrates time dependence of substrate turn- 
over with AMV-RT using primer-modified sepharos^ -prA gel as 
10 iminobilised teirqplate. 

Pig. IB illustrates time dependence of subetrate turn- 
over with partially purified Hiv-RT using primer-modified 
Sepharos^-prA gel as immobilized template. 

Pig. ic illustrates time dependence of substrate tum- 
IS over with AMV-RT using Norwegian magnetic beads as iinmobi- 
lized template. 

Figs. 2A and 2B illustrate the relation between amount 
of AMV-RT and catalytic activity using prA-Sepharos^ (Pig. 
2A) and prA-Norwegian magnetic beads (Fig. 2B) as iainiobilized 
20 template. 

Fig. 3A illustrates the relation between primer 
(odTi2«l8) concentration and catalytic activity of amV-RT 
using prA-Norwegian magnetic beads as immobilized template. 

Fig. 3B illuetrates the relation between primer 
25 (odTi2.i8) concentration and catalytic activity of AMV-RT 
using prA coupled to SepharofidlS^ as immobilized template. 

Pigs. 4A and 4B illustrate the effect on substrate 
turnover of concentration of immobilized template at con- 
stant template/primer ratio using primer-modified Sepharos^ 
30 (Pig. 4A) and prA-Norwegian magnetic . beads (Fig. 4B> as 
« immobilized tonplate. 

Fig. 5A illustrates recovery of AMV-RT from cultured PBL 
extracts as a function of time. Broken line indicates direct 
assay and unbroken line indicates modified method with ini- 
35 tial "fish" Step, o-o represents reference enzyme without PBL 
eactract, and V-v, +-+ and -/i-/ respectively* represent 
different lymphocyte eactraets plus reference enzyme. 
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Fig. SB illustrates recovery in "fish" aesay of AMV-M 
mixed into serum as et function of tljae. x-x represents refe- 
rence enzyme without serum and O-o different sera mixed with 
reference enzyme. 
5 Fig. 6A illustrates recovery of HIV-RT front infected PBL 

culture supernatants as a function of time- o-o represents 
undiluted sample and x-x 1/5 dilution of sample. Broken line 
is direct assay, unbroken line '"fish" assay* ^ 
Fig. 6B illustrates recovery of EXV-RT from infected PBL 
10 extracts as a function of time, o-o represents 1/5 dilution » 
and x-x 1/25 dilution of sample* Broken line is direct assay, 
unbroken line "fish" assay. 

Fig. 7 illustrates the influence of PBI» extract on RT 
assay, o-o represents direct assay with immobilized template, 
15 and represents assay with initial •*fisb" step; indi- 
cates reference enzyme level in the absence of PBli. 

Pig. B illustrates the effect of different washing 
procedures on the recovery of £MV-RT from extracts from 
1.5-10^ lymphocytes using iimnobilized template and initial 
20 "fish" step, x-x and A^l^ represent different washing proce- 
dures, and o-o represents control recovered from buffer ♦ 

Fig. 9 illustrates the influence of template destroying 
factors in PBL extracts. The prA gel was preincubated with 
extracts from? o-o 1*9-10* PBL cells; e-e 7.8-l04 PBL cells; 

25 A- A 3-l'10^ PBL cells. indicates preincubation in buffer 

(reference level). The capacity of the gel to function as 
template in RT assay was then determined with AMV-RT. 

Pig. 10 illustrates the effect of different concentra- 
tions of reducing agent (DTE) on RNA-DNA hybrid destroying 
30 enzymes in PBL extracts. «-* represents measurement on gel 
and ti-Q measurement in supernatant. 

Pig. 11 illustrates the inhibiting effect of prG on the 
activity of KHa-DNA hybrid destroying enzymes in PBL 
extracts. ■-■ represents measurement on gel and d-D measure- 
35 ment in supernatant. 

Pigs. 12A and 12B illustrate the effect of different 
concentrations of prG on HIV-RT detection in immobilized 
template assay without (Pig. 2A) and with (Fig. 2B) initial 
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"fish" 8'tep. 

Fig. 13A illustrates the RT blocking capacity of a HIV 
positive eeniiu (O-a) compared witb that of a HIV negative 
serum (o-o). 

5 Fig. 13B illUBtrates the necessary amount of RT blocking 

HIV negative Berum for 50% inhibition of hiv-rt at different 
BIV-M dilutions: 1/1; x-x 1/S; 1/25; A-A 1/125. o-o 

represents AMV (1/5). 

Fig. 14a is a bar chart representation illustrating the 
10 result of screening sera from healthy blood donors and HIV 
Western blot positive sera for HlV-1 RT blocking antibodies, 
using RT assay with l2Si«iudRTP and immobilized template. 

Fig. 14B is. a bar chart representation showing the 
distribution of RT blocking capacity of a large cohort of 
15 sera sampled before and after HIV western blot (WB) positi- 
vity of the patients. Stage 0 equals WB negative; stage 2 WB 
positive but asymptomatic; stage 3 WB positive, only swollen 
lymph nodes; stage 4 WB positive, more ayroptans equal arc or 

. 125 

20 Pig. 15A illustrates the serum degradation of l- 

lUdRTP with time at different concentrations of CTP. 

Fig. ISB illustrates the effect of different concentra- 
tions of OTP on the activity of serum nm polymerase. 

PREPARATION OF 125i_iudRlP (SUBSTRATB) 
25 A. Rnayine produeition 

Herpes simplex virus type 1, strain C42, was cultured 
on BHK-C13S cells, as described by Gronowitz S., Kallander 
rnfee. Immun. 29 1 425-434 (1980). 16-24 hours after the" 
viral infection the cells were pelleted in a centrifuge, and 
4 30 the cells were washed in physiological saline and thereafter 

resuepended in 10 ml of a buffer consisting of HEPES, 25 aW; 
MgS04, 10 mh; ATP, 4 aM; DTE, 10 mM; and glycerol, 25%; pH 
7,4. The cells wer.e then sonicated for 2x30 seconds. After a 
subsequent centrifugation of the cells at 250,000 x g for 120 
35 min., the supernatant was diluted 1/8 with diatilled water 
and frozen in small portions at -70<>C. 
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Por the eyntheeis of 125i.iudFMS and 125i_rDdRro a 
reaction jnixture vith tte following compdneirts was prepared t 
HEPES, 89-4 IBM; MgCl2, 8.1 nM; KCl/ 0-7 »7 nM; NaF, 2.1 nM; 
ATP, 4 mM; and DTE, 5 mM; pH 7.4, In the standard procedure 
the carrier solution (water ;ethanol) of 2-3 jaCi 125i_ind& 
(2000 Ci/nMole) was evaporated. The remaining 125l-IUdR was 
redissolved in 500 nl of the reaction mixture and incubated 
at 37°C with SO pi of the enzyme preparation obtained in step 
A above for the desired period of time, usually 90 to 120 
minutes. After the incubation the reaction was stopped by 
keeping the test tube in boiling water for 5 minutes. 
C, Purification 

The chromatography eystem consisted of a standard glass 
15 column of 10 mm inner diameter packed with a 3 ml bed of 
DEAE cellulose gel (Whatman). The column was connected to a 
peristaltic punqa, P-3 (Pharmacia AB, Sweden), allowing both 
direct and reversed flow. The flow uGed was 0.5-0.75 ml per 
min., and the absorbance (OD^ss) was monitored eontinnouBly 
20 with a Single Path Monitor W-1 connected to a Single-channel 
Recorder REC-481 (Pharmacia AB, Sweden). 

The radioactivity in the eluent was monitored by a 
siaqole device consisting of a modified portable monitor for 
the detection of gamma radiation (scintillation meter type 
25 5.40, Mini-inatnanents Ltd., Bumham on crouch, England). The 
Hal-crystal was placed in front of the tube leading the 
eluent from the column- A single channel pen recorder was 
connected in parallel to the speaker of the monitor. 

Prior to eacih run/ the column was washed, with IM HCl and 
30 equilibrated with water. The sample was loaded on top of the 
column by use of the pump, and unbound material was eluted 
with three column volumes of distilled water. lUdR not utili- 
zed in the reaction was eluted with 10 ml of ethanol (95%), 
The flow of the column was reversed and material which had 
35 not entered the gel or been adsorbed was -washed out with 
water. lUdRMP was specifically eluted from the column with 
10 mM ammonium acetate, pH 5, which greatly affected the 
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cbarg# of the monophOBphate ^roup aad decreased the binding 
of the lUdBMP to the DEAB- cellulose. lUdRTP was finally 
eluted with 25 WM MgCl2- The identity and purity of the 
product was determined by TLC. 
5 The collected peakB were stored at +4°C after addition 

of 0-02% merthiolate a6 preservative. This xadRTP preparation 
was used in the following eaperimente and aeeaye without 
further treatment. 

roODUCTIOil OF IMMOBIIiIZED TEMPIATES 

10 prA coupled to roa gtiatic beada 

High molecular weight prA {Pharmacia AB, Sweden) wa» 
coupled to toeylated magnetic oynabeada M 450 (Dynal AS, 
Oslo, Ne»rway) in the presence of an excess of. prA, The coup- 
ling procedure/ and processing of the beads were in concor- 

IS dance with the manufacture's description for coupling of 
IgG, except that the IgG was substituted by prA (final con- 
centration ISO jug/ml). 

pT-fl ronpled »-o PQlvs 1 -yr*^«ft heads of ^IkvlgTIliTTf? tYPR , 

Polystyrene beads (diameter 1/4") of allcylamine type 
20 (Pierce) were activated with succinic anhydride, and high 
molecular weight prA (Pharmacia AB, Sweden) was coupled to 
the beads by the use of ethyl-3-(3-dimethyla?ninopropyl)- 
earbodiimide according to standard procedures, 
prf """"l**^ B«inh»TriBfifi> /nrft ff«1 ) 
25 Poly-A-8epharos^ (Pharmacia KB, Sweden), a commercial 

product of low molecular prA coupled to Sepharos^. 
' pr-A eouplftd to polvcarbon afce beada 

High molecular weight prA (Pharmacia AB, Sweden) was 
covalently coupled to polycarbonate beads by the use of 
30 ethyl-3-(3-diethyleiDinopropyl)-carbodiimide in accordance 
with standard procedures to link the prA amino group to the 
oarboTcyl group of the bead. 
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aefcwAiiad T>NA COTOled tO SePhaCQS^ 

A) Coupling to activated CH-SepJiaroe^ 

Activated (deoxyriboauclease treated) calf thymus 
(Pharmacia AB, Sweden) was coupled to activated fiS-Sepliarosd© 
5 (Pharmacia AB, Sweden). The manufacturer's coupling procedure 
and recommended incubation times were uaed. To 0.5 g Sepha- 
roB^were taken 1»5 mg of DNA. The product was kept in 50 mM 
of Hepes buffer, pH 8,0 r with 0.05% merthiolate aa preser- • 
vative* 



10 B) Coupling to CNBr-Sepharoec 

Activated DNA aa above wae coupled to cyanogen bromide 
activated SepharosdS^ (Pharmacia AB, Sweden), in accordance 
with the manufacturer's description with the following modi- 
fications; coupling buffers 10 nM KH2BO4; blocking agent: 

15 ethanol amine; washt 200 m KCl alternating with tris-buf- 
fer^ pH 8.0. The product was kept in the tris-buffer with 
0.05% itrerthiolate. (To 0.5 g of Sepharos^ were taken 1.5 g 
of DNA)» 

Kon-actlvatea Tf^ mupled to a aolid t?hage 

20 Previous studies have demonstrated that single-stranded 

DlilA ea&ily may be coupled to a solid phase, while the yield 
in the attempts to couple double-stranded DMA has been law# 
This problem has previously been circumvented by establishing 
single-etranded regions terminally in double-stranded DNA* To 

25 obtain a good yield of coupled double-stranded DNA the tempe- 
rature dependence of the DNA-hybridization was utilized 
herein, i.e. the cheaical coupling to the solid matrix was 
performed at a high temperature of 90-lOO^C since single-- 
strand conditions will then prevail. a?he ten^ierature was then 

30 lowered either quickly or slowly depending on how well the 
base pairing was to take place, i.e., whether many nicks and 
a great disorder was desired or not. For the purpose of 
increasing the amount of nicks and single-strand regions also 
a solid matrix with coupled DNA as above was heated to 90- 
35 IOOOCa and at this tender ature sufficiently strongly nicked 
homologous DNA^ i.e* short pieces of similar DNA, alterna- 
tively homologous BI3A, was added, all for the purpose of 
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increasing the utility of the coupled DNA as a substrate when 
quantitating Did polynferisiug enzyroeer 

A) Primary production of immobilized tei^plate 

UNA (2,5 jng/ml) was dissolved in O.OIM KE2PO4 while 
5 heating to S0-95^C. CNBr'4B gel (Pharmacia AB^ Sweden) r 
swollen and washed in accordance with the mantif aturer ' s 
instructions, was then added dropwiee with stirring (1 g dry 
weight/iOO ml of zm solution) • The coupling reaction was 
allowed to proceed for 4 hours to over-night with continued 

10 stirring and at 90-95^C, whereupon the gel was allowed to 
sediment and the supernatant was removed. 100 ml of ethanol 
amine were then added and the mixture was stirred, for 2 hours 
for inactivating any CNBr groups not consumed. Finally the 
gel was washed in a glass filter funnel with a 90-100°c warm 

15 solution o£ 1) 200 mK KCl in 5 mM tris-HCl, pH 8.0, and 2) 
only 5 mM'trifi-HCl. Thereafter the gel was suspended in 5 JlM 
tris-HCl, pH 8, and i»^as then allowed to cool, or the whole of 
it was placed in a bath at 90^0^ the heating of which was 
then switched off to permit the gel to cool slowly. The 

20 completed matrix was then kept in the tris-HCl buffer after 
the addition of sodium azide. 

B) Further activation of immobilized TOIA template 

The utility of the immobilized template in a DNA polyme- 
rase ass^ay may be ainplified by introducing several nicks or 
25 primer sites. The conditions for an optimum template varies - 
for different types of DlflA polym^izing enzymes • A fundamen- 
tal description of teiKplate activation will be given herein- 
after* 

Immobilized template as above was heated to 90-l00<=>C, 
50 and the desired primer, e,g. various degrees of DNAse-degene- 
^ rated homologous DNA, was then added. The temperature was 

subsequently lowered to obtain base pairing/ and the gel was 
then washed under stringent conditions with salt and tris-HCl 
buffer' to remove partially bound DNA, In analogous manner the 
35 standard template may be improved by high temperature addi- 
tion of homologous RNA primer o^, alternatively, synthetic 
DN& or RNA primer* 
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RT-^CTlVl'i'Y DKEEBMINASeiaH METHODS 
RT-aetivitT T deteTnnlnw>-^»-n w^th free templafce 

The assay procedure is a jnodif ication of previouely 
publisIiB<3 procedures, e.g. in A.D. Boffliiaim et al, virology 
5 147 . 326-335 (1985)- 

The reaction mixture consisted of (final concentra- 
tions): trls-HCl, 10 iM, pH 8.0; MgCl2. 4 inM; BSA, 0.5 rog/iiil; ^ 
NH4CI, 100 nM; MP 40, 0.37%; BGaa, 0.25 itfj; prA, 0.62S 
/ig/ml; odTi2^iB/ 8xl0-fi mg/ml; 3h-TOT, SxlQ-^M. ^^^I- ^ 

10 lUdRTP was used instead of ^H-TTP at about 5x10"% (specific 
activity 220 Ci/mMole), unless otherwise specified. The assay 
volume, including 10% specimen, wa» 25 0 »tl. The reaction 
mixture and specimen (containing poljmerase) were mixed in a 
test tube and incubated for the desired time period with slow 

15 sbaking at 30°C. The reaction was .stopped by pipetting ali- 
gttots, usually 40 nl, onto 3 cm2 small glass fibre filters, 
the RNA/DNA-hybrid was precipitated by TCA, and after washing 
tbe radioactivity of the precipitate was measured with a 
gamma-counter (Packard Autogamma 200), the radioactivity 

20 representing the incorporation of labeled i25i.iudRTP into 
the template, 

M-activ l fey datarmination at:r-nf«1iag to the invention - 
standard procedure 

The final concentration of the coiii)onents in the assays 
25 were, unless otherwise specified: tris-HCl buffer, pH 8, 10 
ItlMj RCl,^ 75 mM; MgCl2, 4 AM; EfiTA, 0.19 llM; MB/ 10 ^^A, 
0.5 mg/ml;. UP-40, 0.38%^ odTio-iSr ^'P Mg/^l for short temp- 
lates and 0.05 Mg/ml for long ten«)lates/ lUdRTP 5.0 ♦ lO'^ 
mM and the use of 0.1-1.0 MCi l^I-mdRTP per tube; 50 /tl/- 
30 tube of tentplate immobilized on magnetic beads (lO^/ml) or to ^ 
gel (5 g/40 ml), or on a macroball (of Pierce type); 50 m 
of sample for en^me analysis. The total assay volume was 500 
Ml unless otherwise indicated. After mixing the components 
(stock solutions), adding immobilized ten5>late and enzyme 
35 sample the test tubes were incubated at 30-35OC, and the 
reaction was stopped after the desired time by washing the 
solid matrix five times in 2.5 ml of distilled water with 
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0.6% Triton X-XOO. The ^^^I-mdRMP incorporated onto the 
solid matrix was determined in a gamma-counter. Normally the 
analyses were performed with triplicate samples/ and the 
reaction was terminated afner about 1-2 hours for the first 
5 test tube, after 3-4 hours for the second test tube# and the 
last tube was incubated overnight in order to control the 
linearity of the enzyme activity with tliae* 

M-aGf-.ivltv deliermination according to the InVf^TltiPft ^ 
modified prQef>dii-r« winh enzyme JPUrific&tiQn 

10 In order to remove disturbing factors and to concentrate 

RT 0, 025-1^0 ml Of cell culture fluid/ lymphocyte extract, or 
serum was first incubated with 0,050 ml solid template tox 
20-30 minutes at SO^C or 8°C^ The iiranobilized template was 
then washed four times (2*5 ml) with distilled water altema- 

15 tiyely twice with 3 ml of Tris-HCl buffer, pH 7*7, whereupon 
components for RT-activity determination according to the 
invention were added to the above specified final concentra- 
tions/ and the RT^ectivity was determined by the above desc- 
ribed standard procedure* 

20 DMA polymerase dei ^emlnatiQTl Immobilized >templ^tfi 

The reaction mixture consisted of tris-HCl, 10 mM, pH S; 
Mgci2, 4 nM; bovine serum albumin, 0.5 g/1; 100 fflM each of 
deo^adenosine triphosphate, deoa^guanosine triphosphate and 
deoxycytidine triphosphate? eytidine triphosphate, 0*5 mM; 

25 non-radioactive iodine-deoxyuridine triphosphate, 50 nM; 
calf thymus DNA Immobilized on CNBr-4B gel (Pharmacia AB, 
Sweden), 50 /il gel suspension; dithioerythritol, S mM. ^^^I- 
JUdRTP, 1-5 nM (2-10 mCi/1). The final volume, including 10 
volume- % sample was 500 i^l. 

30 After rinsing Off the substrate not consumed from the 

template by washing S times with 10 MM MaH2P04 in distilled • 
water the amount of radioactive nucleotide incorporated into 
the .DNA was determined by measuring the gel in a gamma- 
counter. 
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SSDDY OF RT-&CTI^nT7 jmTJSBantaLTlOB P!ROCEDDKES 

Hereinafter eaperiments performed with the standard and^ 
respectively, modified RT-activity determinatrion method with 
regard to various parameters will be described* 

Purified AMV-RT (Pharmacia AB, Sweden). Clinical speci- 
mens were simulated by mixing this enzyme and the specimen , 
investigated* 

Gene-cloned HIV-RT derived from bacteria (frwtt Prof, , 
10 Bror strandberg^ BMC, njipsala/ Sweden). 

Lysate from HIV-infected lymphocyte cultures treated 
with Triton xiOO (final cone* 1.3%) (obtained from the Ratio- 
nal Swedish Bacteriological Laboratory, Stoclcholm, Sweden) - 

Supernatants from virus isolation attempts (obtained 
15 from the National Swedish Bacteriological Laboratory, Stock- 
holm, Sweden) . 

Whole blood cell extracts were obtained from Riksbospi- 
talet, Copenhagen, Denmark and prepared by washing the cells 
6-fold in a physiological solution, whereafter the cells were 

20 resuspended to original concentration in Triton X-lOO and 
frozen at -70°C before use in assay. 
Ef ^^trienp y 9f immoblllged twirolate 

In accordance with the above described standard proce- 
dure for RT-activity determination according to the inven- 

25 tion, analyses of various amounts of AMV-RT and gene^cloned 
HIV-RT, respectively^ were performed with the previously 
described immobilized templates for determining the capacity 
thereof. The results are shown in Figures 1-4 on the accoro- ^ 
panying drawings* 

30 Fig. lA, B shows the tiine dependence of substrate turn- , 

over with fi2)IV-RT (Fig. lA) and partially purified hiv-RT 
(Fig. IB) with primer-modified sepharos^-prA gel as immobi- 
lized template* The available i^S^^iudRTP was about 230,000 
cpm per tube, and the 1/3200 dilution of AM7-RT corresponds 

35 to 0.2B units ot enzyme, prom Fig. . lA it appears that a 
linear incorporation with time was achieved with low enzyme 
emtounts while most substrate was incorporated already after a 
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snort time with aa excess of AMV enzynie- The results shown in 
Fig. lA also indicate that enough template as compared to 
lUdRTp substrate was present on the matrix. 

Fig. IC illustrates the time dependence of substrate 
5 turnover with using prA bound to Norwegian magnetic 

beads as immobilized template. The available 125i_iudRTP was 
approximately 103,000 cpm per tube, and the 1/1600 dilution 
of aMV-RT corresponds to 0.56 units of en2yme. 

Pig. 2A, B illustrates the relation between AMV-RT 
10 amount and catalytic activity when using prA-Sepharos^ (Fig. 
2A) or prA-Norwegian magnetic beads (Pig. 2B) as immobilized 
template. The available 125i„iudRTP was approximately 230,000 
■ and 103,000 cpm per tube for Fig. A and Fig. B, respectively, 
' and the 1/1600 dilution of AMV-RT corresponds to 0.56 unite 
15 of enzyme. It will appear from these figures that the sub- 
strate turnover was proportional to the enzsme amount over a 
wide range as long aa an excess of substrate was present. 

Fig. 3A shows the relation between the concentration of 
primer (odTja-is) catalytic activity of AMV-RT when using 
20 prA-Norwegian magnetic beads. 3,5 units o£ auiV-RT were used 
per tube. The l/lOO dilution of primer corresponds to 0.5 /ig 
per tube. As appears from the figure no enzyme reaction was 
obtained in the absence of primer. 

Fig. 3B shows a corresponding experiment performed with 
25 the use of AMV-RT (7.5 units/tube) and prA coupled to Sepha- 



ros 



Pig. 4A/ B Shows the effect of concentration of inanobi- 
lized template at constant template/primer ratio when using 
primer-modified prA-Sepbaros^ (Fig. 4A) or prA-Norwegian 
30 magnetic beads (Fig. 4B) . The available 125i_itjdRTP was 
approximately 600,000 cpm per tube, and approximately 2.5 
units of AMV-RT were used per tube. The 1/1 amount of modi- 
fied prA-Sepharos^ corresponds to 50 Hi of gel per tube, 
while the 1/1 amount of prA-Norwegian magnetic beads corre- 
3S sponds to 4x10^ beads per tube. As appears from Pig. 4B the 
template/primer amount was rate-limiting with incorporation 
of low substrate amounts at all tested concentrations of 
Norwegian beads, while Fig. 4A shows that a saturated system 
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was achieved a-t about 25 til of modified prA-gel per as^ay 
-tube* 

Tdf demonstrate the difficulties in determining RT-acti-* 
vlty directly upon crude clinical specimens and lympbocyte 
extracts with the standard method of the invention/ and thus 
also with the previously known methods based upon the use of 
a free teniplate/ the following experiments were performed on 
extracts and supematants from PEL cultures. 

The experiments were carried out by mixing the saxopXes 
with a suitable amount of purified AU^-RT, and then analysing 
the RT-activity with the previously described standard method 
for RT-activity determination according to the invention 
using prA-Sepharos^ template. The results are shown in Table 
1 which gives the recovered percentage of AHV-RT activity in 
relation to assay time,. 
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30 



35 



40 
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Type of 
sample 



% saonple in 
«66ay mixture 



Recovery of AMV-RT 

activity (%> ^tf^^^ 
over-nignt 
1„2 h ipcutoation 



Control 



100 



Medium from 
PBL cultures 



c803 
cB08 
C809 
C801 
074B 



SO 
50 
50 
SO 
50 



89,9 
115.2 
113.0 
SB. 9 
35.2 



Extract from 
PBL cultures 

CB03 

cB08 

C809 

c801 

C748 

Huinaji serum 
T1E7485 
Tk9232 
Tkl23lb 

Pl 
Pl 
p2 
p2 



SO 
50 
50 
50 
50 



44,4 
24.7 
45.0 
17.0 

a. 4 



30 
30 
30 
10 
50 
10 
50 



0.0 

8 

12.9 
79.7 
n.d. 

6B.6 
19.2 



100 



133.0 
110.0 
137.8 
75.3 
12.3 



1.4 
0.2 
4.5 

0.0 

0.5 



1.6 
14.5. 
13.5 
99 

59.4 
79.4 
97.9 



n.d. = not determined 

As appears from Table 1 above tUe PBL eactraots strongly 
reduced the recovery of RT-activity already after a short 
assay time, while the long duration assay showed that the 
product was broken down. In contrast only one of the five. 
BupernatantB from uninfected cell cultures had a significant 
effect on the RT recovery. 

The attempts to recover RT-activity from samples with 
high serum concentrations were also complicated by an un- 
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specific background increase r probably due to protein preci- 
pitation. The ejjieriiiient results show^ however, that the 
degree of disturbance varied both with the serum concentra- 
tion and with the eerum origin when sera from healthy persons 

5 and persons with different diseasee were compared, as exemp- 
lified for pernicious an^a (p) in Table 1. Further, the 
effect of serum was of competitive .nature and product de- 
struction hardly seCTied to take place • • 
Binding of T?rr to t^.late in the standard andr regpftctri . Y^l7> 

10 modif j-gd mgthad 

The ability of the immobilized template to bind RT was 
investigated in. the following way: 

AMV^-RT or KIV-R3? was mixed with prA-Sepharos^ and 
incubated for 20-90 minutes at 30*^C under constant mixing, 

15 and the gel was then washed four times and the amount of 
bound RT determined by adding reaction mixture including 
primer to initiate the reaction as described above. Corre- 
sponding escperiments were performed except that no washing of 
the gel was performed before adding, the reaction mixture, 

20 i-e. equivalent to the above described standard method of 
the invention. The results from' representative experiments 
with MffV^RT and gene-cloned HIV-RT are given in Table 2A 
below. Concerning the assay proceduires in Table 2A, "direct- 
indioates the standard method, while "fish** indicates the 

25 iqodified method of the invention with an initial "fish** of 
RTr 
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AS appears from Table 2A above 80->100% of the AMV-RT 
activity vas normally recovered on the gel, as compared to 
the reference, while even higher activity was recovered by 
the affinity purification or "fish" with ijBmobili2ed template 
S when nsing serai-purified HIV-RT. The table also shows the 
effect of different incubation times for the affinity purifi- 
cation step. 

Time deTjen ^ aTic^t* -For ^lamviirv from PBL fflmftmfltantr extratai 

♦ 

1& Fig. 5A shaus the reeults of experiments concerning the 

recovery of AMV-RT activity from cultured PBL extracts as a 
function of timfe. In the figure the unbroken lines represent 
the modified method comprising the fieh stop^ while the 
broken lines relate to the standard method vith direct assay. 
15 The experiment was performed with three different PBL 
extracts (C803, C80B and CB09^ respectively). As reference 
was used the corresponding amount of AMV-RT (1.8 units per 
tube) not mixed with PBL extract* 

Pig. 5B shows the corresponding result according to 
20 "fish" precedure with mixed into serum. The experiment 

was performed with 6 different serum sample mixtures consis- 
ting of 200 /*1 of undiluted serum with 10 Ml of enzyme added 
(0.9 unit per tube)* The recovery of lac^-RT from buffer was 
used as a reference. 
25 Fig. 6A, 6B show results from experiments with fish of 

HJV-RT from clinical specimens, viz* from eupernatants of 
infected PBL cultures (Pig. 6A) and when using PBL extracts* 
(Pig. 6B). A comparison was made between the standard method 
with, direct assay (broken lines) and the modified method with ^ 
30 fish (unbroken lines). Modified prA-SepharosW& was used as 

the inmiobilized template. * 

To see whether the new technique was sensitive enough to 
detect RT activity in blood cell extracts from HIV infected 
persons r 5 samples and controls were analysed using direct 
M and fish procedure with l25l.ixJdRTP and prA-Sepharos^. 

The results presented in Table 2B below show that RT 
activity could be detected both in direct and fish assay 
using iciaterial from HIV infected while no activity was found 
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• fpr the controls. Altbougli the highest values were found with, 
the fish procedure, the results (Table 2B) show that distur- 
bing factors are present as good linearity with ti»e and 
s«anple amottnt was not achieved* 
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From the results shown above it appears that a good 
recovery was obtained both from PBL supernatant s, indicating 
absence of affinity disturbing factors, and from serum, sho- 
wing that the competitive agents are not bound but may be 
5 washed away. The data for the PBL extracts show that the bull: 
of product destroying substances is removed in the affinity 
step and recoveries of between 40 and 75% of the AMV-M 
activity were achieved. 

Since a substantially quantitative recovery i« Msi- 
10 rable and since it could not be excluded th*t the product 
destroying factors reduced the prA amount on the soUd phase 
and in addition removed some of the RT bound to the prA 
template, the experiments described below were performed. 

ME&SOREMKHT C» PBODUCT-TBMPLATB DBaWWmWS FACTORS IM PBL 
15 EKfiRACTS AND WVBSTIG&TIOII OP PROTECTIVE AfiSMTB 

<ite measure the diatiirbing activities in crude specimens 
two different pilot systems were used. 

According - to the first system a crude sp^ijnen was 
incubated with immobilized template {prA-sepharos^ without 
20 primer for a given time followed by a thorough wash of the 
template, and the function of the template was then analysed 
toy the unmodified assay procedure of the invention. 

According, to the second system a 125l-labeled template 
hybrid was produced by long duration incubation of an excess 
25 of AMV-RT with a complete reaction solution followed by a 
thorough wash. The removal of product from the gel was then 
determined for different clinical specimens. 

For the experiments a large batch of extracts of PBl, 
isolated from normal human buffy coats was produced by 
30 Ficoll® gradient centrif ugation . 

The RT assay disturbing capacity of the PBL extract was 
tested by performing the standard as well as the modified 
method of the invention on a prA gel. Serial dilutions of the 
35 PBL extract (undiluted cell extract corresponds to 10? cells - 
/ml) were incubated for 240 minutes in an assay mixture With 
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• 0.28 units of flMV-RT and 300,000 cpm "Si^iodROT available. 
The RT activity in the absence of PBL ejctract was measured as 
control. The results are shown in Figure 7. As appears from 
this figure the PBL extract had the capacity to disturb 
5 direct a!l?-niea5ur«>tents fthe standard method) at least down to 
a dilation corresponding to 1.0 x 10* lymphocytes/ml. Using 
the modified assay roetiod including an initial "fieh" proce- 
dure the disturbing effect in a 140 minutes assay could be , 
elimiiiated up to a PBL concentration of 7.8 3S 10* lympho- 
10 cytes/nl. ' 
Effect of riif-Ferenfc yf^phi'iiy pi>nniirtiiirfta OTi KT reCQVeW 

The effect of different washing procedures in the fieh 
step on the recovery of .AMV-RT activity from an extract of 
1.5 X X05 PBWml was determined by measuring the recovered 
15 activity with a 240 minutes assay. The PBL concentration was 
chosen to give a significant disturbance of the RT activity 
determination after the fish step but still leave a meaeurab^ 
le enzymatic- activity. The following two washing procedures 
were usedi Wash five tiiaes with 6.6 times dUution in each 
20 step (procedure 1); and wash five times with 40 tiroes dilu- 
tion in each step (procedure 2). RT in buffer and wash of the 
pra gel according to procedure 1 was used as control. The 
results are shown in Fig. 8. As appears therefrom the recove- 
red ET activity varied with the washing procedures used. The 
25 results thus show the presence of residual small amounts of 
disturbing factors even after five repeated washes. 
piTA t:gittnlate dlatnrbina f aotors in PBL extra,cai 

By means of the above mentioned first pilot system the 
presence of prA template dieturbing factors in PBL extracts 
30 was determined in the following way: ^ 
A modified prA gel was preincubated IS, 30 and 70, 
respectively, minutes with each one of eaetracts from 7.8 x 
10* PBL/ml, extracts from 1.9 x. 10* PBL/ml/ extracts from 
total buffy coat corresponding to 3,1 x 10^ PBL/ml, and 
35 extracts from total buffy coat corresponding to 7.S x 10^ 
PBL/ml. Then the capacity of prA gel to function as a temp- 
late in a 240 minutes assay with 0,28 units of AMV-RT was 
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determined after incubation and . thorough wash of the gel. 
The RT activity found with prA- template incubated with buffer 
was used as control. The results are shown in- Fig, 9. It 
clearly appears therefrom that the capacity of the prA gel to 
5 function as a template decreased when the preincubation time 
with the PBL extract increased, which indicates the presence 
of destroying ensymes. 

10 TO investigate the effect of the disturbing enzymes in 

the PBL extract on the WJA-DHIV reaction product the above 
mentioned second pilot system was used. Experiments (not 
presented here) showed that the labeled RHA-DNA hybrid was 
actually, broken down as a linear function of time and the 
15 amoimt of PBI. extract used. 

This pilot system was then used to study the activity 
degree of the disturbing enzymes and possible inhibitors. 
Thus, the effect of reducing agent (DTE) on the activity of 
BNA-DNR hybrid destroying enzymes wks determined by incuba- 
20 ting the 125i_ubeled RNA-DUa hybrid for 240 minutes with 
extracts from 2 x IQS PBL/ml at different DTE concentrations 
and subsequent measurement of residual radioactivity on gel 
and in liquid phase, respectively. Radiolabeled hybrid incu- 
bated in buffer was used as control. The results, shown in 
25 Fig. 10, indicate that , the assay procedure should be per- 
formed in the absence of DTE. 

In a corresponding manner the inhibiting effect of prG 
on the activity of the RUA-DNA hybrid destroying enzymes was 
determined by incubating the 125i_iabeled RNA-DNA hybrid for 
30 240 minutes with extracts from 2 x 105 PBL/ml at different 
prG concentrations and with radiolabeled hybrid incubated in 
buffer as control. The results are shown in Pig. H and 
indicate that prG is a competitive inhitoitor for the reaction 
of the disturbing enzymes. 
35 Protect ioT ^ of prA t^f^TTIP^iP'^^ 

AS is clear from the different experiments .concerning 
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disturbing factors described abcrtre, the prA template is par- 
tially destroyed during incubation with PBL extract/ probably 
by RNAses. This may interfere both with the recovery of RT in 
the fish step and the reaction rate or linearity of the 
5 following activity determination. The disturbance during the 
RT activity determination might also reflect the action of 
the same enzyme to destroy or release the reaction product/ 
i.e. the HN&-DNA hybrid. By the fish step in the modified RT ^ 
determination method according .to the invention obviously 
10 most of the product destroying en2ymes are eliminated r but an , 
agent protecting the RNA-DNA hybrid would be useful to reduce 
the washing procedure. An essential problem is therefore to 
protect the prA template- during the fish step. This could be 
done by introducing either selective physical or chemical 
15 conditions. Both the addition of direct RNAse inhibitors and 
the omission of substances essential for RIlAse activity may 
thus be contemplated. Provided that the same enzyme is res- 
ponsible for the destruction of prA template and rnA-DNA 
hybrid, the fishing step in the RT determination procedure 
20 should, as already mentioned above , preferably be performed 
in the absence of DTE, Further, as is also clear from the 
information furnished above, prG may tbus be used to protect 
the RNA-DUA hybrid after the fiehiAg step in the subsequent 
activity determination* 
25 Since Hlv-RT is previously known to have a comparatively 

. low affinity for prG, the latter could be a possible protec- 
tive agent for the immobilized prA template. To determine the 
effect of different concentrations of prG on the different 
stops of the RT activity assay, a 75 minutes assay of the 
30 activity of purified gene-cloned HIV-RT was performed, (i) • 
with the standard method with a direct activity determination 
on odT-prA gel in the presence of different conceiitrations of * 
prG, and (ii) by the modified method with a preceding "fish'» 
of HIV-RT from solutions containing different amounts of prG 
35 followed by a thorough wash of the gel, and then determina- 
tion of the bound ensyme activity in absence of prC The 
results for the" direct enzyme activity determination are 
shown in Fig. and for the determination with a separate 
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fishing step in Fig. 12B. Fr<m the results it is clear that 
prG substantially does not disturb the RT activity during the 
«&say but interferes with the binding of RT to prA in the 
fish procedure. Herefrom it may thus be concluded that prG 
S nay be uaeful to protect the RMA-Dia hybrid after fish, x.e. 
to eliminate the residual Bii&se acstivity. 

•The presence of HIV-RT blookxng antibodies in serum 
samples was detennined in. the following way. Different dilu- 

10 tions of sera from a HIV-infected and, respectively, a heal- 
thy person were incubated at 3i'=>C for 75 minutes with HlV-RT 
or AMV-RT for control. The residual RT activity was then 
determined, (i) with immobilised template and a fishing step, 
and (il) with a free template in solution, CTP, however, 

15 being added as substrate protection and with 0.5 mm spermine 
present. The results are shown in Fig. 13&# B. 

Pig. 13A thus shows the enzyme blocking capacity of a 
serum from a HiV positive individual compared with a serum 
from a Hiv-negative person using a HlV-RT dilution of l/lO, 

20 The serum amount required for 50% inhibition of HiV-RT cor- 
responds" to IB ng of IgG. Fig. 13B illustrates the relation- 
ship between the necessary amount of serum for 50% RT inhibi- 
tion and the amount of RT in the .assay. From the figure it is 
also clear that the HIV-positive serum does not block AMV-RT. 

25 These results demonstrate that the determination of RT 

activity according to the present invention may be performed 
directly on serum due to the high sensitivity of the system. 
This high sensitivity is largely due to the use of 125i_ 
lUdRTP as substrate and also upon the possibility of protec- 

30 ting the substrate with CTP in a long duration assay. The 
high sensitivity obtained, which may be exemplified by the 
fact that only lo ng of IgG were required in the above des- 
cribed assay compared, with 300 ng for the strongest HIV serum 
according to Chatter jee R. et al., J. Clin. Immunol. Vol. 7, 

35 No. 3, 19fl7, of course, means that a wider range of antibody 
titres may be obtained. 

A similar assay as used above, but with prA coupled to 
polycarbonate beads as immobilized template, was used for 
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screening lax^e amounts of serrrti samples for Hiv-l RT bloc- 
king antibodies. A collection of 897 sera, sampled at dif- 
ferent times before and after Hiv-1 infection, and as cont- 
rols sera from 20a healthy blood donors were investigated. 

5 Figure 14A shows that the specificity of KT blocking anti- 
bodies was Bjctremely good, none among the blood donors was 
positive, while virtually all of the HIV-Westem blot posi- 
tive sera were HIV-RT antibody positive indicating the high , 
sensitivity in the assay, 

10 Figure 1« illustrates further the sensitivity of the , 

above antibody test. The values froia the HIV infected 
patients are distributed according to the stage of the 
disease. As appears from the figure almost all patients in 
stages 2-4 were RT antibody positive and some patients were 

15 positive already in stage 0 before being HIV positive accor- 
ding to western blot analysis. 

STODY OE TOOL P0X>1D{EBASE ACTIVITY D@I!EBHlliI2LTlOH 
DeterminatloTi q£ a^ tr?'"^^^^'"^ "^"^ glaTiaWB engvma 

By means of the above described procedure for DN& poly- 
20 merase determination with djmnobillzed template, the activity 
for Klenow's enzyme on different gel templates was measured. 
In the assay a gel bound template produced as described above 
va& used, (1) as such ("unprimed") and (ii) activated ("pri- 
aed») by boiling 1 ml of the gel/ in the presence or absence 
25 of fiperiaidine (2 mM), with 0.4 ml of DNAse-treated DNA and 
wash with a high salt concentration prior to use. The DNAse- 
. treated DMA (primer) was obtained by "nicking- 40 ml of DNA 
solution containing 5 mg of DKR/ml with 123 ng/ml DN&se 
(final concentration) at 37^C for 4% hours; the DMAse was 
30 then inactivated by heating at 70OC for 20 min., whereupon 
the DNA was precipitated with ethanol and KCl, washed and 
rediluted to 8 ml. in. the determination 2 x 10-3 and, respec- 
tively, 2 X 10-2 onits of Klenow's anzsme were used. The 
results are presented in the following Table 3. 
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Table 3 



Template 


Measured activity (cpim) 


2x10"^ unit of Klenow 


2x10"^ uni1 


^ of Klenow 


after 45 
min* 


after 1005. 
nvin* 


after 45 
mil* 


after lOOS 
min. 


primed , 

primed + 
spermidine 

xinprimed 

badcgronnd 


2 810 
1 875 

385 

295 


66 384 
47 796 

7 332 
264 


30 540 
20 115 

1 575 
210 


*199 392 
143 644 

31 380 
560 



* not linear due to substrate exhauetion 

From the table the e«:ellent sensitivity improvement 
obtained with the activated template (about 10 times) W 
clearly be seen. 

pwitection l25i.indPTP bv CTP ?nartit i QB 

Incsubation of "Sj.jndRTP with serum in the absence of 
template demonstrates a substrate consumption which is not 
due to incorporation into DN&. This may be due to the sub- 
strate being utUized by other enzymes than DK& polymerase. 
Thus, for e«unple, the presence in serum of several forms of 
thymide triphosphate " nucleotide hydrolase, an enzyme degra- 
ding TTP, has been detected. It has been found that tfte 
presence of cytidine triphosphate (CTP) in the reaction 
mi^ure eliminates the template-ind^ndent degradation of 
the substrate occurring in serum. The results from incubation 
of serum and substrate with 2 m CTP over-night are shown in 
Fig. 15A and 15B- As appears from Fig. 15A less than 10%of 
the substrate was destroyed in the presence of 2 mM CTP, 
vbile more than 90% of the substrate was destroyed in the • 
absence of OTP. However, high concentrations of CTP resulted 
in an inhibition of the serum polymerase activity, as is 
illustrated in Fig. issi With 0.5 mM CTP in the reaction 
mi^ure the best total effect wa^ obtained, and a con- 
siderable improvement of the linearity for the incorporation 
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of the labeled substrate was achieved. CTB may, of course, be 
used in all cases where it is desired to prevent degradation 
of the l25i_iudRTP substrate, provided that CTP does not 
disturb the desired reacUon. CTP is therefore advaatageonsly 
5 also used in the rt activity measur^nent/ sttoh as for hiv-rt. 

The iJive»tian is, of course, not limited to the above 
specially described embodiments, but many jaodif ications and 
changes are within the scope of the general inventive concept 
as it is stated in the subsequent claims. 
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1. A method of quantitatively determining nucleic acid 
polymerase activity in a sample, compriaiag incubating the 
sample with a natural or completely or partially synthetic 
5 polynucleotide template and a reagent solution containing 
necessary snbstrates including at least one radiolabeled 
nucleoside triphosphate complementary to the template, sepa- 
rating the template from the substrate and measuring the 
radioactivity incorporated' into the template, said radio- 
10 activity being substantially proportional to the polymerase 
activity in the sample, and wherein, when a primer is re-, 
quired, the latter is either hybridized to the template from 
the start or added during the determination, 
characterized in that the template is immobilized on a car- 
is rier, that said nucleoside triphosphate is labeled with a 
gamma-radiating isotope and that the measurement of the 
incorporated radioactivity is performed directly on the 
iirmiobiUzed template without release thereof from the car- 
rier. 



20 



2. A method according to claim 1, 

characterized by first incubating the sample with the immo- 
biUzed template for taking up polymerase activity thereon, 
and after separating the template from the sample incubating 
the. template with the reagent solution including the radio- 
25 labeled nucleoside triphosphate for determining the polyme- 
rase activity taken up by the traaplate. 

3. A method aocording to claim 1 or 2, wherein the polyme- 
rase is reverse tranecriptase, 

characterized in that the inonobilized template 1g a single 
nucleotide chain of RNR type and that the template is hybri- 
dized with a deoxj^ibonucleotide primer . 

4. A method according to claim 1 or 2, wherein the polyme- 
rase is DNA polymerase, 

characterized in that the immobilized template is a double 



30 
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nucleotide chain with single strand regions or^ a single 
nucleotide chain having at least one double etrand region. 

5. A method according to claim 1 or 2, wherein the polyme- 
rase is a RK21 polymerase/ 

5 characterized in that the t«iiplate, depending on the type of 
RNA polymerase, ifi either Dm with necessary primer or HMA 
with necefigary primer. « 

6. h method according to any one of claims 1-5^ , 
characterized in that said radioactive isotope ie an iodine 

10 isotope, preferably ^25j. 

7. A method according to any one of claims 1-4 and 6, 
characterized in that said nucleoside triphosphate is an 
iodine-2 ' -deoxyuridine triphosphate,- preferably 5-iodine-2'- 
deo^ruridine triphosphate. 

15 8, A method according to any one of claims 1-7, 

characterized in that the immobilized tonplate has been 
chemically modified in order not to be degraded by RlSAses and 
DNAsee, preferably by 2 ' -0-roethylation, p-methylation or P- 
sulpbonation • 



20 9* A method according to any one of cleiims 1-8, 

characterized in that the carrier on which the template is 
immobilized is a gel, a microsphere, a bead or a ball. 

10 ♦ A method according to any one of claime 3 or 5-9, 
characterized by adding one or more RNAse inhibitors, par- 
25 ticularly polyguanylic acid, to protect the template. 

11. A method according to any one of claims 1-10, 
characterized by adding one or more trinucleotides which do 
not take part in the polymerization reaction, but which will 
protect the radiolabeled substrate against degrading enzymes, 
30 particularly cytidine triphosphate. 
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12 . use of the method according to any ons of claims 1-11 in 
the determination of antibodies against reverse transcriptase 
in a sample, particularly HIV reverse transcriptase, by 
incubating the sample with a defined amount of reverse tran- 

5 acriptase and then determining the residual, not antibody- 
blocked reverse trans or ipt ase . 

13. A kit for determining nucleic acid polymerase activity, 
comprising a carrier-bound template, at least one nucleoside 
triphosphate cemplementary to the template and labeled with a 

XO gamma-radiating isotope, and optionally a primer. 

14. A kit according to claim 13, 

characterized in that said radiolabeled nucleoside triphos- 
phate is l25i_5_iodine-2'-deoxyuridine triphosphate or a 
substrate analogue thereof. 
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